We prospectively examined 464 febrile patients (median age, 61 years) for predictors of inhospital death, by use of univariate and multivariate logistic regression using clinical data (age, underlying disease, duration of fever, chills, and shock on admission) and plasma endotoxin, TNF-a, IL-6, IL-10, and procalcitonin levels. The mortality rate was 4.6-fold higher (95% confidence interval [CI], 1.8-12) in 31 patients with shock on admission, 7 of whom died; the strongest association with mortality was the endotoxin concentration (relative risk, 13.7; 95% CI, 1.4-136), which predicted 5 of the deaths with a 5% false-positive rate. For 433 patients without shock on admission, mortality (26 deaths) was associated with age and underlying disease: clinical data predicted 30% of the deaths, whereas IL-6 and procalcitonin levels identified an extra 10% with a 5% false-positive rate. When febrile patients are screened on hospital admission to identify those with a high risk for mortality, clinical judgment on the basis of age, underlying disease, and recent history outweighs the predictive value of endotoxin, cytokine, and procalcitonin levels. Only in patients who present with shock will measurement of endotoxin levels help predict those who will likely die at the cost of few false-positive results.
assessment of patient outcome in intensive care units may have been hampered by the nature of the underlying illnesses that modulate the response to a superimposed, acute infection [2, [5] [6] [7] [8] [9] . Recently, another marker, procalcitonin, which is the propeptide of calcitonin, was introduced and was shown to be strongly associated with the severity of sepsis [8] .
Although high circulating levels of inflammatory mediators such as endotoxin, cytokines, and procalcitonin are associated with an adverse outcome [2, [5] [6] [7] [8] [9] , the efficacy, relative to that of clinical judgment, of determining these factors on admission to identify those patients with infection who are at risk for a complicated course (i.e., death) and who may benefit from early preventive measures is not known. To assess the predictive value of plasma endotoxin, cytokine, and procalcitonin concentrations, relative to that of clinical judgment, in a group of patients with an acute community-acquired infection (of whom only a few had an active underlying disease), we measured these concentrations on admission in a group of febrile patients with a community-acquired infection, and we followed their clinical course.
Patients and Methods
The study was performed at the Leiden University Medical Center, an 800-bed secondary and tertiary referral hospital. Patients aged у18 years, who were consecutively referred to the Medicine Emergency Department because of a febrile illness (rectal temperature, у38.2ЊC), were enrolled. After the institution's approval and patients' verbal consent were given, clinical and microbiological data were obtained and registered [10] . Circulatory shock was defined as hypotension (systolic blood pressure, !90 mm Hg; mean arterial tension, !65 mm Hg) for 11 h with signs and symptoms of end-organ failure, despite fluid resuscitation; MODS was considered when patients had у3 organ system failures during at least a 24-h period [1, 11, 12] . Two blood samples for culture were collected and were incubated under aerobic and anaerobic conditions. In 309 of 464 patients, attending physicians ordered that samples for culture be obtained from sites deemed to be responsible for the febrile illness. During clinical follow-up, antibiotic treatment, culture, and serology data were recorded, as were the diagnoses of the attending physicians and the consultant from the Department of Infectious Diseases. Also, the duration of hospital stay and the clinical course of febrile illness, with respect to development of circulatory shock, MODS, and outcome (discharge or death), were recorded. Severity of underlying disease was documented according to the classification of McCabe and Jackson [13] . A total of 464 patients (272 men and 192 women) were entered in the prospective study [10] . The median patient age was 61 years (range, 18-97 years). Patients were admitted at a median of 1 day (interquartile range, 0-3 days) after the onset of fever. Infection was the definite cause of fever on the basis of clinical and microbiological evidence (a clinically identified focus of infection and a positive blood sample and/or positive local culture from a normally sterile body site) in 223 patients (48%). Infection was judged highly probable on the basis of clinical grounds (e.g., by identified focus of infection and serological data) in another 141 patients (30%) and it was uncertain in 35.
The sites of infection and sources of bacteremia and endotoxemia are given in table 1. Ninety patients (19%) had bacteremia; 4 of these had both gram-negative and gram-positive bacteria in the blood. Gram-positive bacteremia was mainly caused by pneumococci (27 patients) and various species of streptococci (15 patients); the lower respiratory tract was the most common source of infection in these patients. In gram-negative bacteremia, Enterobacteriaceae (40 species, including 17 Escherichia coli and 13 Klebsiella) dominated over non-Enterobacteriaceae (e.g., 2 Pseudomonas aeruginosa and 2 Enterobacter species); the most common focus of infection was the urinary tract. Seven patients had malaria (caused by Plasmodium falciparum in 5 and by Plasmodium vivax in 2). In 95% of patients, including all patients with bacteremia, empiric antibiotic treatment (according to hospital protocol) was judged adequate-that is, there was at least 1 antibiotic to which the causative organism was susceptible and there was anaerobic coverage in abdominal infection.
Of 464 patients, 33 (7.1%) died after a median hospital stay of 11 days; all but 2 died within 28 days. Seven of 31 patients who had circulatory shock on admission died; of these 7 patients, 4 died after developing MODS. Twenty-four patients had normal blood pressure when they were admitted but developed hypotension during the first 24 h. In this group, 5 patients died, including 3 patients who developed MODS after the episode of shock. Overall, 19 patients developed MODS, 14 of whom died. In 28 of 33 patients who died, it was certain that infection was the cause of fever: pneumonia was the cause in 10; urosepsis, 5; peritonitis, 6; cholangitis, 1; primary bacteremia, 4; and meningococcal sepsis and pneumococcal meningitis in 1 each. The others died of a cerebrovascular accident (3 patients) or myocardial infarction (2) .
Endotoxin, cytokine, and procalcitonin assays. Endotoxin was determined in platelet-rich plasma by use of a quantitative photometric assay with end point measurement as described elsewhere [10, 14] ; concentrations у5 pg/mL were considered to indicate endotoxemia [9] . IL-6 and IL-10 concentrations were determined by use of a standard ELISA technique, and TNF-a concentrations were assessed by a competitive inhibition radio immunoassay (Medgenix Diagnostics, Floury, Belgium) [10, 15] ; the detection limit for cytokines was 5 pg/mL. Procalcitonin was measured by the immunoluminometric assay adapted from the immunoradiometric assay; the detection limit was 0.1 ng/mL. Blood was available for assay of endotoxin in 452 patients (98%); of TNF-a, in NOTE. Underlying disease was classified according to McCabe and Jackson [13] . Endotoxemia was defined by an endotoxin level у5 pg/mL; hyperprocalcitonemia was defined by a procalcitonin level у0.5 ng/mL. Cytokines were dichotomized around the median.
462 (99%); of IL-6, in 379 (82%); of IL-10, in 419 (91%); and of procalcitonin, in 381 (82%). Loss of completeness was due to incomplete sampling. Assay results were not available during the hospital stay of the patients.
Analysis of data. Logistic regression analysis was used to assess an association between endotoxin, cytokine, and procalcitonin levels and outcome of hospitalization. Data on endotoxin, cytokine, and procalcitonin levels were used after log transformation [10] . Underlying disease was entered as a categorical variable, as described by McCabe and Jackson [13] . When indicated, endotoxemia and elevated levels of procalcitonin (у0.5 ng/mL) were entered as categorical variables. Multiple logistic regression analysis was used to identify variables that were independently related to fatal outcome. The model included patient and laboratory data that can be obtained within hours after admission. The following characteristics were evaluated: sex, age, underlying disease, duration of fever before hospitalization, chills, previous use of antibiotics, vital signs on admission, circulatory shock, and endotoxin and cytokine levels.
The multivariate analysis was performed by entering each of the variables into the model individually, starting with the clinical variables and then selecting the strongest predictors. Statistical significance was tested using the 2-tailed method, with . alpha p .05 To study screening potential, the mortality risk was estimated separately for each patient by use of the aforementioned values for the variables obtained on admission, as modeled elsewhere [16] . The rate of detection of death was defined as the proportion of patients who died during follow-up and who had a screening result greater than the false-positive rate-that is, the proportion who did not die and who had a positive screening result. The falsepositive rate was set arbitrarily at 5% or 10% by choosing appropriate risk cutoff values.
Results
Clinical risk factors for mortality. Age and underlying disease were significantly associated with mortality (table 2); these associations were largely independent of each other. Furthermore, circulatory shock on admission was strongly associated with mortality (RR, 4.6; 95% CI, 1.8-11.6). The duration of fever before admission showed a trend toward association with mortality (
). The occurrence of chills correlated with P p .10 bacteremia ( ), which itself showed a trend ( ) P p .04 P p .06 toward association with mortality. Because microbiological confirmation of bacteremia is not available within hours of admission, chills, rather than bacteremia, were included in the multivariate analysis as a basic clinical characteristic available on hospital admission, together with age, underlying disease, and duration of fever.
Endotoxemia as a risk factor for mortality. On admission, 98 (21.7%) of 452 patients had a plasma endotoxin level у5 pg/mL (table 1) . Of these patients, 16 died (17.2%), compared with 16 (4.6%) of 346 patients without endotoxemia (RR, 4.0; 95% CI, 1.9-8.4; table 2). Of 44 patients with gram-negative bacteremia, only those with concomitant endotoxemia died-that is, 5 (23%) of 22 patients with endotoxemia, compared with 0 of 22 without endotoxemia ( ). Of 4 pa-P p .02 tients with polymicrobial bacteremia, including gram-negative bacteremia, only the 2 patients with endotoxemia died. Overall, of 119 patients with a culture-proven gram-negative infection, 12 patients-10 of whom had endotoxemia-died.
Cytokines as risk factors for mortality. Plasma levels of IL-6 and IL-10 were significantly associated with mortality, whereas TNF-a only showed a trend toward such an association ( ). Dichotomized around the median, the mor-P p .10 tality risk was 2.9 (95% CI, 1.2-7.1) and was 2.5-fold (95% CI, 1.1-5.9) higher among those patients with a plasma concentration of IL-6 or IL-10 that was higher than the median, respectively, compared with those with values below the median. These mortality risks were not different between patients with a high or low plasma TNF-a.
Procalcitonin as a risk factor for mortality. On admission, 207 (54%) of 381 patients had an elevated level of procalcitonin (у0.5 ng/mL). Of these patients, 22 died (10.6%), compared with 4 (2.3%) of 174 patients, respectively, without an increased level of procalcitonin (RR, 5.0; 95% CI, 1.7-15). In 82% of the patients with bacteremia, the procalcitonin level was у0.5 ng/ mL, which was also the case in 49% of patients without bacteremia. However, in patients with bacteremia, a positive test result for procalcitonin was not associated with mortality ( ). In the subgroup with culture-proven gram-negative P p .15 infection, a positive test result for procalcitonin was associated with mortality (RR, 6.8; 95% CI, 0.8-56); however, although it was more sensitive, it proved to be less specific than endotoxin.
Screening performance of clinical and laboratory variables. Instead of trying to identify by use of endotoxin and cytokine measurements, those patients in the whole group who were, on admission, in such a poor condition that they were easily iden- [13] . Endotoxin and cytokines are expressed as median (IQR) in picograms per milliliter, procalcitonin in nanograms per milliliter. For determination of relative mortality, cytokines were dichotomized around the median. Endotoxemia was defined by an endotoxin level у5 pg/mL; hyperprocalcitonemia was defined by a procalcitonin level у0.5 ng/mL. tified on clinical grounds (e.g., those with shock), we assessed the value of screening for endotoxemia, procalcitonin, and cytokinemia in patients with shock and compared it with the value for those without shock (table 3) . In the prediction model, clinical data concerning age, underlying disease, and recent history with respect to the febrile episode are entered first, reflecting a real-life encounter between patient and physician in the emergency room.
Patients with shock on admission. Of 31 patients with shock on admission, 7 (23%) died. The clinical data did not identify 115% of those who died at the false-positive rates of 5% and 10%. Unlike TNF-a, IL-6, and IL-10, the endotoxin level alone identified 6 (181%) of 7 patients who died, although at the cost of a 10% false-positive rate, and 5 (71%) of those who died at a 5% false-positive rate (table 4). With the exception of measurement of TNF-a, which slightly increased the rate of detection of a fatal outcome, other cytokines or procalcitonin values did not further improve the rate of detection of the model.
Patients without shock on admission. Of 433 febrile patients with shock on admission, 26 (6%) did not survive. Clinical data alone already predicted 30%-50% of the total mortality, although at the cost of a 5%-10% false-positive rate (table 4) . For instance, with a 10% false-positive rate for patients without shock on admission (433 patients), table 4 demonstrates that a multivariate model including age, underlying disease classified according to McCabe and Jackson [13] , and fever will correctly identify 12 (46%) of 26 patients with fatal outcomes on top of 43 false-positive results (i.e., 10% of 433 patients). Therefore, 55 ( ) patients are predicted to die, but only 12 (i.e., 22%, 12 ϩ 43 representing 46% of all fatalities) will die.
Combining the clinical data with measurements of IL-6 and procalcitonin levels improved detection to ∼41% at a 5% falsepositive rate, but this model did not improve detection at a 10% false-positive rate. Addition of TNF-a and IL-10 values did not improve the results of the multivariate model, and measurements of endotoxin levels contributed only modestly to the model in these patients (table 4) . It is of note that these results were not affected by the loss of completeness of measurements of procalcitonin and IL-6 levels (i.e., data available in 82% of patients), and patients who were tested were not different from the patients who did not have procalcitonin and IL-6 values determined.
Discussion
The association between mortality in patients with a community-acquired infection and plasma endotoxin, cytokine, and procalcitonin levels is important in terms of the reduction in mortality that would follow a successful identification of patients who might benefit from early intervention strategies. The present findings indicate that measuring levels of plasma endotoxin, cytokine, and procalcitonin in febrile patients admission to the hospital can only moderately help identify those patients. In this respect, the efficacy of a model that includes basic clinical data that can readily be obtained on admission, as well as measurements of endotoxin, IL-6, and procalcitonin, outweighs that of other combinations that include TNF-a and IL-10. At best, however, such a model will allow (at the cost of a 10% false-positive rate) clinicians to identify only approximately half of all patients who will die. Therefore, because the mortality rate in febrile patients with a community-acquired infection is quite low (!10%), determination of endotoxin, cytokine, and procalcitonin levels too poorly discriminates be- NOTE. Data are proportion (%) of patients. Chills, occurrence of cold chills before admission; cytokine, plasma concentrations (in log pg/mL); fever, duration of fever prior to admission (in days); McCabe, underlying disease classified according to McCabe and Jackson [13] . Endotoxemia was defined by an endotoxin level у5 pg/mL; hyperprocalcitonemia was defined by an procalcitonin level у0.5 ng/mL.
a Only TNF-a contributed to the prediction model, at a 5% false-positive rate.
b Only IL-6 contributed to the prediction model, at a 5% false-positive rate.
tween those patients who might benefit from early preventive measures and those who will not. Moreover, clinicians should realize that they will miss approximately half of the target group because screening the patients by use of these criteria will indicate that they will not die. Therefore, clinicians should not be reassured regarding the clinical course in febrile patients with negative screening results. An exception to this disappointing situation is the small group of patients with shock on admission and have a substantially higher mortality risk. In these patients, risk assessment done on the basis of basic clinical data appears to be grossly inferior to that done on the basis of plasma endotoxin levels.
Instead of using this model to predict outcome in the entire group of people who were admitted to the hospital, we investigated the value of screening for endotoxemia, cytokinemia, and hyperprocalcitonemia in patients who were clinically stable separately from those with shock. In patients who already had shock, death appeared to be primarily associated with the severity of the acute host response to infection and not with age, activity of underlying disease, or other clinical data. In this situation, endotoxemia proved to be a strong predictor of death that greatly outmatched the predictive value of the cytokine levels. In fact, most patients with shock who died had endotoxemia when they were admitted. In contrast, in patients who were clinically stable and normotensive, the main factors associated with a fatal outcome were being older, having certain characteristics of underlying disease, and (largely independent from these parameters) having elevated levels of IL-6 and procalcitonin as well. We found little influence of microbiological findings on the prognosis after we adjusted for other significant risk factors for death, a finding in accordance with that of published reports [12, 17] .
Because the efficacy of an intervention is generally judged by its effect on mortality rate, clinicians should be able to identify these high-risk patients when they are admitted, because at that moment they should be considered for specific measures or for inclusion in trials for treatment of severe sepsis. Readily available information, such as age and activity of underlying diseases, as well as vital signs, help the clinician to estimate the severity of illness. As demonstrated in the present study, however, such clinical data, in combination with measurement of endotoxin and selected cytokine and procalcitonin levels, will help the clinician predict only approximately half of the patients with a high mortality risk, and use of this method at the cost of an even larger number of false-positive findings. Therefore, even if a rapid and reliable endotoxin and cytokine test is available, for every 100 patients, only 4 of 8 expected deaths can be identified at the cost of 10 false-positive results (e.g., patients who do not die although their screening results suggest that they will).
In this study, the outcome of infections caused by gramnegative microorganisms was determined, to a large extent, by the presence of endotoxemia. Of the patients with gram-negative bacteremia, those who died had both endotoxemia and bacteremia. This finding underscores the predictive value of data on endotoxemia in patients with gram-negative infections. Until now, a substantially increased risk of mortality in patients with endotoxemia has been found in meta-analyses [2, [18] [19] [20] [21] [22] [23] . Although in this study we focused on the predictive value of endotoxin and cytokine levels in terms of mortality, rather than on underlying pathophysiological mechanisms [10] , the findings illustrate that a distinction must be made with respect to the inflammatory response elicited by circulating free endotoxin and that elicited by intact gram-negative bacteria, even though a high amount of bacterial cell-bound endotoxin is present in the latter.
Our data add to the findings of previous studies showing that septic shock occurs more frequently among patients with both endotoxemia and gram-negative bacteremia, compared with those with bacteremia only [2] , and we confirm the finding that bacteremia in itself is a weak predictor of clinical outcome. Strong associations between endotoxemia and outcome were observed in patients with meningococcemia, plague, and leptospirosis, but not in a number of studies of hospitalized patients with sepsis syndrome due to other causes [6, 9, [21] [22] [23] [24] [25] [26] [27] [28] . In many studies, patients in the intensive care unit were included, and in most of these patients, the presentation of the acute illness was complicated by an active underlying condition. Because the study sample included only a few patients with active underlying disease, the sample size may have limited the power to detect the impact of predictors of outcome in patients in whom the severity of illness was comparable to that in patients in the intensive care unit.
In our study, only patients admitted to the hospital because of a community-acquired febrile illness were eligible for inclusion. Although the population was heterogenous in terms of age, site of infection, etc., in general, patients were acutely ill, and few had an underlying disease. The mixture of patients with community-acquired infection in our study represents that seen in many university and large community hospitals [17, 29] . Because we did not evaluate the predictive potential of the parameters in already hospitalized critically ill patients after referral to an intensive care unit, our findings do not exclude the possibility that measurements of endotoxin, cytokines, and procalcitonin may be relevant in such a selected patient group.
